Southeast Asia is a hotspot for emerging infectious diseases, including those with pandemic potential. Emerging infectious diseases have exacted heavy public health and economic tolls. Severe acute respiratory syndrome rapidly decimated the region's tourist industry. Infl uenza A H5N1 has had a profound eff ect on the poultry industry. The reasons why southeast Asia is at risk from emerging infectious diseases are complex. The region is home to dynamic systems in which biological, social, ecological, and technological processes interconnect in ways that enable microbes to exploit new ecological niches. These processes include population growth and movement, urbanisation, changes in food production, agriculture and land use, water and sanitation, and the eff ect of health systems through generation of drug resistance. Southeast Asia is home to about 600 million people residing in countries as diverse as Singapore, a city state with a gross domestic product (GDP) of US$37 500 per head, and Laos, until recently an overwhelmingly rural economy, with a GDP of US$890 per head. The regional challenges in control of emerging infectious diseases are formidable and range from infl uencing the factors that drive disease emergence, to making surveillance systems fi t for purpose, and ensuring that regional governance mechanisms work eff ectively to improve control interventions.
Introduction
Emerging infectious diseases result from complex, dynamic systems in which biological, social, ecological, and technological processes interconnect. Southeast Asia is a loosely defi ned geopolitical region that is characterised and shaped by diff ering environmental, ecological, and economic factors. These factors are discussed in more detail in other reports in this Series. As a consequence, the region shoulders a great diversity of communicable disease and, closely associated with development, a heavy burden in countries with the lowest incomes (see fi gure). 1 The region has been at the centre of global attention regarding emerging infectious diseases, with the threat of diseases with pandemic potential receiving particular attention. Although the focus of this paper is emerging infectious diseases, as can be seen in the fi gure, the burden of infectious diseases is substantial. In low-income countries in particular, respiratory infections and diarrhoeal diseases are especially important. For the purposes of this paper, we defi ne southeast Asia as the ten member countries of the Association of Southeast Asian Nations (ASEAN), a region with growing geopolitical infl uence in view of Asia's global economic ascendancy. The ASEAN countries are Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, the Philippines, Singapore, Thailand, and Vietnam.
Defi nitions of emerging infectious diseases vary-for example, to refl ect whether concepts such as drug
Key messages
• Southeast Asia is a diverse region that is undergoing rapid social, environmental, and demographic change.
• The emergence of new ecological niches means that the region is likely to remain a hotspot for emerging infectious diseases.
• Governance of infectious disease control is challenging, with overlapping institutional roles and responsibilities. The region also is politically complex, with some intranational and international tensions that have the potential to further hinder control.
• There has been substantial investment in surveillance capacity in recent years, but it remains weak in many areas.
• Research in the region that practically informs policy and practice is scarce. Research areas demanding attention include the development of predictive surveillance (including the potential risks associated with social and environmental changes) and priority setting within health systems to allow response to surges in demand and to improve equity, eff ectiveness, and effi ciency.
Search strategy and selection criteria
We searched peer-reviewed English language literature through PubMed and grey literature published since 2000. We focused on factors leading to the emergence of infectious diseases in Association of Southeast Asian Nations countries, surveillance capacity, and governance of control systems. We searched institutional websites (for example, WHO, the Food and Agriculture Organization, the World Organisation for Animal Health, and donor agencies), and analysed primary data derived from these sources to provide an overview of crucially important issues related to emerging infectious diseases in southeast Asia during the past decade. Data were analysed to identify trends for upstream driving forces for emerging infectious diseases in the region. The ongoing portfolio of research of the London School of Hygiene and Tropical Medicine's Communicable Diseases Policy Research Group based in the region was also reviewed.
For the Communicable Diseases Policy Research Group see www.cdprg.com resistance are included. 2, 3 For the purposes of this report we use the WHO defi nition of diseases that are "newly recognised, newly evolved or occurred previously but have shown an increase in incidence or expansion of geographical, vector or host range" 4 and include pathogens showing drug resistance within this defi nition. The table summarises several infections that have attracted attention in recent years.
We review the past decade's experience of emerging infectious diseases in southeast Asia and refl ect on the epidemiological driving forces behind these diseases, the regional diversity regarding human and animal public health capacity, progress and shortfalls in regional disease surveillance, and the challenges to governance faced at national and international levels. We draw attention to what we believe are crucially important challenges, briefl y provide case studies to illustrate some of these challenges, and off er insights into what steps might be taken to improve control of emerging infectious diseases.
The burden and diversity of emerging infectious diseases
During the past decade, novel viruses, particularly those causing severe acute respiratory syndrome (SARS) and avian infl uenza A H5N1, have attracted international concern, attention, and investment in southeast Asia. These two diseases, although undoubtedly exerting major public health and economic burdens, represent only part of a rich tapestry of many pathogens that have emerged to pose a public health threat within the region in recent years (table and panel 1) . [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Recent outbreaks of Nipah virus and artemisinin-resistant Plasmodium falciparum, for example, both of which have emerged within the region itself, have also focused national, regional, and international attention on the threat posed by emerging infectious diseases, and in particular on southeast Asia as the epicentre of these diseases.
The role of southeast Asia as a hotspot for emerging diseases is further illustrated by the less recent but certainly no less important emergence of new cholera and dengue variants that continue to greatly aff ect both regional and global health. The variant of Vibrio cholerae 01 El Tor causing the present (seventh) pandemic fi rst emerged in Indonesia in 1961. Moreover, the fi rst major outbreaks of the haemorrhagic form of dengue were reported in Manila, Philippines, and Bangkok, Thailand, in the 1950s, and the southeast Asian strains have contributed greatly to global spread of dengue-causing outbreaks of haemorrhagic disease throughout the Americas, for example. 21 Japanese encephalitis, another arbovirus that is highly endemic to southeast Asia, is thought to have evolved in the region and has subsequently spread across Asia and to parts of Australia. 22 Other threats of notable concern to the region, but receiving little attention, include increasing rates of antibiotic resistance among enteric pathogens such as Campylobacter 23 and increasing incidence of food-borne trematodiases in parts of southeast Asia.
Despite southeast Asia's importance with respect to emerging infectious diseases, frailties and diff erences in surveillance systems within the region make estimation of the burden and diversity of disease and any crosscountry comparisons diffi cult. As we note in this report, the likelihood of widespread under-reporting of emerging infectious diseases means that knowledge is scarce and prevention and response hampered. But perhaps a greater challenge is determination of the risk of emerging infectious diseases that arises from infl uences within the region, and development of strategies that address both public health prevention, containment, and mitigation imperatives and socioeconomic realities.
The consequences of emerging infectious diseases in southeast Asia stretch far beyond a narrow purview of public health. The estimated cost of SARS to east and southeast Asia was US$18 billion, which is roughly US$2 million per person infected. 24 In southeast Asia, the sudden collapse in demand for the service industry was a dominant feature in this cost, particularly in view of a tourist industry reliant on the 35 million tourists arriving every year from outside the region. 25 Indeed, the relation between public health and socioeconomic eff ects is by no means linear. Bovine spongiform encephalopathy and variant Creutzfeldt-Jakob disease in the UK illustrated this eff ect. Fear, anxiety, and changes in behaviour and the eff ect on the tourist industry have unpredictable consequences. Before 2009, the World Bank estimated a possible global cost of an infl uenza pandemic at around US$1·25 to 2 trillion. 26 The Asian Development Bank estimated a shock to demand might cost southeast Asia up to US$283 billion. 27 Moreover, the costs of emerging infectious diseases, including pandemics, do not fall evenly. Although emerging infectious diseases have until now disproportionately aff ected low-income countries, 1 and the poorest within society were aff ected the most, 28 pandemics have the potential to disrupt highly interconnected and high-income areas such as Singapore. 27, 29 The economic consequences of H5N1 infl uenza have been diff erent from those of SARS in southeast Asia. The region's tourist industry collapsed overnight as a result of SARS. Although aff ected, the industry has been aff ected less by H5N1. The poultry industry, by contrast, was profoundly aff ected. Control policies during the 2003-04 H5N1 outbreak in Vietnam led to the culling of 45 million birds at an estimated cost of almost US$118 million. 30 Furthermore, insuffi cient reimburse ment after a ban on the sale of so-called backyard poultry in Vietnam lowered the household income for poor families disproportionately by com parison with wealthier families. 26 In Thailand, where the highly industrialised poultry export market is an important contributor to the national economy, exports were banned. 31 In 2003, poultry meat exports were worth US$597·6 million. A year later, they had had fallen by 93% to US$43·5 million. 32 Avian infl uenza continues to exact an economic strain in the region, with new cases in poultry or wild birds reported this year from Cambodia, Vietnam, Laos, and Myanmar (Indonesia is endemic for H5N1 in birds, but does not report current outbreaks). Surprisingly, the potential economic eff ect of other emerging infectious diseases in southeast Asia, and analyses of the operational capacity of health systems to respond, have received little robust research attention.
Important factors leading to the emergence of infectious diseases

Driving forces in southeast Asia
Southeast Asia is a hotspot for emerging infectious diseases-in particular, zoonotic and vector-borne diseases-as a result of many factors including population growth, mobility, and urbanisation, and environmental changes such as agriculture and livestock intensifi cation, deforestation, and climate change. Many, if not all, of these interlinked driving forces, although occurring in other parts of the world, have particularly important eff ects on emerging infectious diseases in southeast Asia (web appendix p 1). SARS=severe acute respiratory syndrome. DALYs=disability-adjusted life-years. MDR=multidrug resistant. XDR=extensively drug resistant.
Table: Summary of selected emerging infectious diseases in southeast Asia
See Online for webappendix east and southeast Asia to increase the risk of emerging infectious diseases can be considered at three levels: (1) as a region containing diverse zoonotic and vector-borne pathogens, and thus a primary source of emerging infectious disease; (2) as a region in which the high density, proximity, and mobility of human beings and animal reservoirs provide fertile conditions for transmission between species, within human populations, and across geographic areas; and (3) as a region with ecological factors that allow rapid pathogen mutation and host adaptation-for example, Dengue, reassortments of infl uenza virus, and emergence of drug resistance.
34-36
Population growth and urbanisation
Human population growth and increasing density are important independent predictors of emerging infectious diseases. 2 The population in southeast Asia, which is currently estimated at around 580 million, has increased by more than 30% since 1990. 37 Increasing population density not only aff ects the spread of infectious diseases directly (eg, through increased human-to-human contact), but also underpins many other ecological driving forces such as changing land use, agriculture, and livestock intensifi cation. 38 In addition to rapid population growth, southeast Asia is rapidly becoming more urbanised, with low-income countries seeing the most striking changes. Around 48% of people in the region live in urban areas, a fi gure which is expected to grow to more than 70% by 2050 (webappendix p 1). 37 Urbanisation is associated with changes in social structures, increased personal mobility, and extended and changing social networks. 39 It is also a driving force behind some vector-borne diseases-for example, dengue, which has seen a resurgence in southeast Asia during the past 50 years. This resurgence has been linked to the establishment of (often impoverished) periurban areas in which the collection and storage of water, because of a lack of reliable water and sanitation systems and the accumulation of social detritus such as used tyres, provide breeding sites for Aedes aegypti mosquitoes. 21 Birth rates, which are highest in the poorest countries in the region, also have consequences for infectious disease transmission because of the eff ect of immunologically naive individuals who perpetuate epidemics. Fortunately, the demographic shift towards decreased birth and mortality rates across southeast Asia might help to lower the transmission of some diseases, and there is evidence of such an eff ect on dengue in Thailand. 40 
Population movements and animal trade
Increasing regional population mobility, including both documented and undocumented travel as well as increases in international population movements across national boundaries, is an important feature of southeast Asia. The Mekong Basin subregion, which includes Thailand, Cambodia, Laos, Vietnam, Myanmar, and 
Nipah virus
In recent decades, the only major infectious disease in man to have probably emerged in southeast Asia was severe febrile encephalitis during infection with Nipah virus. Occurring in peninsular Malaysia and Singapore in late 1998 to early 1999, the outbreak resulted in the deaths of more than 100 people in these two countries (at a case fatality rate of around 40%), 8 which is twice as many as were killed by severe acute respiratory syndrome (SARS) across all of southeast Asia and just under half as many as have died of avian infl uenza A H5N1. Most of those infected worked in the pig farming and meat production industries, refl ecting the major form of transmission, which was close contact between pigs and human beings. Despite eventual containment of the outbreak through a mass cull of more than a million pigs, a related virus has since emerged outside southeast Asia, causing outbreaks in Bangladesh and India.
SARS
In 2003, southeast Asia's unique combination of strong links with other Asian countries alongside a multitude of intercontinental connections (three of the world's 30 busiest airports are now found in southeast Asia-Bangkok, Jakarta, and Singapore) facilitated the regional and global spread of the SARS coronavirus from its origins in southern China, a close neighbour. Guests infected in a hotel in Hong Kong (where an infected doctor from China was staying) unknowingly carried the virus to several countries including Vietnam and Singapore. 15 Outbreaks occurred in both of these countries and cases were reported throughout the region, although Singapore was the most severely aff ected with 33 deaths compared with 11 across the rest of southeast Asia. 7 Singapore was also implicated in international transmission to outside the region. Although the global outbreak ended in July, 2003, a further laboratory-acquired infection was reported in Singapore in September, 2003.
H5N1 infl uenza
In the same year as SARS spread through southeast Asia, the region began to experience outbreaks of another emerging infectious disease, H5N1 infl uenza, which had again spread from southern China. 16 Although the very high mortality in domestic poultry (approaching 100%) was alarming, the number of human infections that were occurring and the deaths of many of those infected (human case fatality in southeast Asia was just under 70%) 5 caused greater concern. The previous rapid worldwide dissemination of the SARS coronavirus fuelled fears that the H5N1 virus, were it to become readily transmissible between humans and retain some of its pathogenic potential, could spread rapidly and result in an infl uenza pandemic that might kill millions, result in untold economic disruption, and threaten global security. 17 Despite these grave concerns, the H5N1 virus has yet to cause an infl uenza pandemic owing to an inability to achieve sustained human-to-human spread (although there is evidence to support some human-to-human transmission events). 18, 19 However, the threat still remains. The virus continues to circulate in wild birds worldwide, causing outbreaks in poultry in several southeast Asian countries, and, in 2010, cases in human beings have been reported in southeast Asia in Cambodia, Indonesia, and Vietnam.
Artemisinin-resistant falciparum malaria
Reports of reduced Plasmodium falciparum clearance rates during treatment with artemisinin (in combination therapy as well as monotherapy) have surfaced in southeast Asia, namely on the Thailand-Cambodia border, since 2004.
14 These reports have attracted much regional and international concern, especially in view of southeast Asia's historical role in the emergence and spread of parasite resistance to chloroquine and sulfadoxinepyrimethamine, and the reliance of the global Roll Back Malaria campaign on artemisinin combination therapy. Although a containment programme, currently funded by the Bill & Melinda Gates Foundation, is in place, there is an acceptance that "the actual geographic extent of resistance is unknown". 20 China, has seen a sharp increase in cross-border migration in recent years. Much of this migration is driven by poverty, with migrant workers moving from the low-income countries of Laos, Cambodia, and Myanmar to Thailand, a middle-income country. Thailand is estimated to have 1·5-2 million immigrants from neighbouring countries, and about 150 000 refugees. Large-scale migration of economic and political refugees, including the frequent movements of hill tribe populations along with their livestock, present substantial challenges to cross-border disease control in the Mekong Basin subregion. Furthermore, undocumented migrants often live in unhygienic and overcrowded conditions (particularly in camps such as those along the ThailandMyanmar border) with poor access to health services, with infectious diseases such as malaria being an important cause of morbidity and death. 14, [41] [42] [43] In addition to human movements, increased crossborder trade of livestock and wildlife is also a concern. Trading centres, for example, can act as mixing bowls for "humans and dozens of other species before they are shipped to other markets, sold locally, or even freed and sent back into the wild". 44 Data for wildlife trade is scarce, although some have estimated that in east and southeast Asia, tens of millions of wild animals cross borders each year regionally and to more distant countries around the world for use as food, pets, or in traditional medicine. 44 Figures suggest that the export of many diff erent species of wild animals increased between 1998 and 2007, although the licit export of birds fell substantially after major importers such as the European Union imposed restrictions in response to H5N1 infl uenza. Along with trade, the natural movements of migratory birds and bats within, to, and from the region are also a key infl uence for several emerging infectious diseases such as H5N1 infl uenza, Japanese encephalitis, and Nipah virus.
Water and sanitation
In terms of population coverage, water and sanitation systems are improving in southeast Asia, with the region generally on track to meet the Millennium Development Goal targets. This progress is encouraging in view of the association between water and sanitation systems and the burden of diarrhoeal diseases across southeast Asia in low-income countries (webappendix p 2), along with links to vector-borne diseases, as we have mentioned. However, population growth and urbanisation mean that the number of people in southeast Asia using unimproved sanitation and drinking water systems in urban areas is actually increasing, having risen by 20 million between 1990 and 2006.
Agriculture and changing land use
Human-induced changes in land use are key driving forces of emerging infectious diseases and also modify the transmission of endemic infections. 33 Agriculture occupies around 25% of the land in southeast Asia, with the total agricultural area having increased by more than 8% between 1990 and 2008 (webappendix p 1). Moreover, there has been a particularly large increase, of more than 30% across the region, in the land area used for rice cultivation. 32 Development of rice paddies can promote transmission of vector-borne diseases such as Japanese encephalitis through their role as vector-breeding sites and by attracting water birds, which are the natural reservoir of Japanese encephalitis. Transmission between birds and mosquitoes is further amplifi ed by transmission in pigs. 21 Countries such as Cambodia, Indonesia, Laos, and Myanmar are at risk of increases in Japanese encephalitis because of the combination of intensifi ed rice and pig farming and the absence of vaccination programmes and surveillance. 45 In addition to an increased potential for transmission of Japanese encephalitis, the attraction of various birds to rice paddies has also been associated with increased risk of H5N1 outbreaks in Thailand and Vietnam. 46 Deforestation is continuing across most countries in the region (webappendix p 1). Human encroachment and fragmentation of wildlife habitats through processes such as deforestation increase interactions between wildlife, human beings, and livestock, and thus the potential for pathogens to cross species barriers. In Malaysia, changes in movements and densities of fruit bats due to deforestation, wildfi res, and plantation of fruit orchards, along with the intensifi cation of pig farming close to fruit-bat habitats, have all been postulated as infl uences for the emergence of Nipah virus as a zoonosis in Malaysia. 8, 33, 47 
Livestock production
Intensive livestock production is increasingly prevalent across southeast Asia. The density of poultry has at least doubled in most countries between 1990 and 2008, and increased more than three-fold in countries such as Myanmar, Laos, and Brunei (webappendix p 1). Increased poultry density is associated with the cumulative number of H5N1 cases in human beings at country level across the region (webappendix p 3). Although backyard and village farms remain the predominant environment for poultry producers in most low-income countries in southeast Asia, industrial production systems dominate in others, such as Thailand. 30, 48 Where poultry production is in a backyard setting or is on a small scale, investment in biosecurity is likely to be low and ill-coordinated. Many species often coexist and the potential for cross-species transmission can be increased. However, as intensive production of single species in large-scale industrial and commercial sectors is becoming more dominant, although this setting might reduce the risk of crossspecies infection, these sites might also act as amplifi ers of disease during the emergence of large-scale outbreaks. Moreover, cross-infection can still occur within the marketplace, where economic imperatives can over-ride public health concerns. 39 In concert with poultry production, pig farming is also intensifying across the region, with densities having at least doubled since 1990 in Myanmar, Laos, Vietnam, Indonesia, and the Philippines (webappendix p 1). This trend is arguably a cause for concern in view of the role of pigs in the transmission of zoonoses such as Nipah virus, Japanese encephalitis, and infl uenza.
Climate
Vector-borne and waterborne diseases are both strongly aff ected by climate. For example, the strength of El Niño was a predictor for dengue outbreaks in Thailand 49 and Vietnam. 50 Since arthropod vectors tend to be most active at high temperatures, and because water scarcity during droughts often leads to poor sanitation, climate change can be expected to drive the spread of vector-borne diseases and diarrhoeal illnesses in southeast Asia.
Drug resistance
In addition to the aforementioned demographic and environmental factors, which can drive the emergence of novel diseases and increase the incidence, prevalence, or geographic scope of existing ones, the importance of public health system factors as infl uences, in particular for the emergence of newly resistant strains, should not be underestimated. Irrational drug use, frail public health systems, 34 and the wide availability of counterfeit and substandard drugs are factors with particular relevance in southeast Asia. 51 During the past fi ve decades, southeast Asia has been the epicentre of the evolution and spread of resistance to all important classes of antimalarial drugs. In the 1950s and 1960s, the Thailand-Cambodia border was the site of emergence of chloroquine and sulfadoxine-pyrimethamine resistance in P falciparum. This resistance subsequently spread across Asia and then Africa. Within the past 10 years, reduced susceptibility to the artemisinins has been documented in Cambodia, 52 and concerns that it could spread have raised much concern within the international community. Surveillance information about the scale of artemisinin-resistant malaria in the region remains poor, however. Likewise, surveillance data for drug-resistant tuberculosis in the region are scarce, especially for low-income countries (Laos, for example, reports no multidrug-resistant cases).
Surveillance systems
Surveillance systems are the foundation on which disease control systems sit. They can serve several functions including anticipation of the emergence of diseases, support of outbreak responses, and facilitation of the monitoring and evaluation of responses. Although the observation and analyses of factors can be used to predict the emergence of infectious diseases, currently such predictive surveillance lacks specifi city and sensitivity. As with any surveillance system, the completeness of data is problematic. For example, no cases of human Japanese encephalitis or leptospirosis were reported from either Laos or Cambodia during 2009, and no cases of rabies in human beings were reported from Laos in 2009, even though all diseases were reported in other neighbouring countries and the likelihood of disease seems high.
With most human pathogens originating as zoonoses, surveillance systems have until now relied on surveillance of animals and human beings. However, as in other resource-poor regions, capacity for animal health surveillance in southeast Asia is underdeveloped. 53 Major constraints include the absence of specifi c government policies and legal frameworks for surveillance and control of zoonoses, as well as inadequate resources, insuffi cient animal-human public health cooperation, coordination, and collaboration, frail laboratory facilities, and weak and disconnected reporting systems. 54 The emergence of SARS and the H5N1 and H1N1 (2009) viruses focused minds and brought investment. In Laos, for example, until 2004 there was almost no national infrastructure for communicable disease control. 55 Initially, the Law on Hygiene, Disease Prevention and Health Promotion (2001) was the only law that addressed communicable diseases, and it principally applied to prevention rather than control and response. 56 In the wake of H5N1 infl uenza outbreaks, however, the government established several new institutions to strengthen national capacities, including a National Coordination Committee on Communicable Diseases, a National Emerging Infectious Disease Control Offi ce, and a Centre for Laboratory and Epidemiology that has recently been designated the national focal point for the implementation of the International Health Regulations. 56 Similarly, the governments of Vietnam, Thailand, Indonesia, Cambodia, Malaysia, and the Philippines have all set up new institutional bodies, strengthened diagnostic laboratory capacity, and improved coordination mechanisms. Although gaps in national planning and surveillance systems persist, countries in southeast Asia have made substantial progress towards eff ective prevention and control of infectious diseases. 57 Crucially, surveillance systems for infl uenza have started to integrate elements of animal health, particularly poultry-related incidents. 57 For example, rapid response teams have been mobilised and trained to improve community-based surveillance in 331 districts in Indonesia. In Laos and Cambodia, a substantial amount of donor funding has been used to support pandemic preparedness and responses, including development of surveillance systems. Laboratory capacity to handle infl uenza viruses has improved-for example, through the building of biosafety level 3 laboratories in Indonesia and Cambodia for virus sequencing. 57 Regional public health institutions have become sensitive to the threat posed by zoonoses. ASEAN member states have recently endorsed a Regional Mechanism on Animal Health and Zoonoses, to develop a unifi ed framework against threats from animal diseases. 58 Moreover, the integration of animal and human health has been at the centre of WHO's Asia-Pacifi c Strategy on Emerging Diseases-an ambitious strategic framework that aims to develop mechanisms for information sharing between the animal and human health sectors both at regional and country levels, in partnership with the Food and Agriculture Organization and the World Organization for Animal Health. 59 The overlapping functions of some regional institutions and their substantially diff erent geographic coverages are described on webappendix p 4.
These initiatives are emerging in a complex regional environment, however. At a national level, thriving private health-care sectors in many countries increasingly pose challenges to reporting systems, with some being either unwilling or unable to provide information. 60 Similar challenges arise from decentralised health systems-for example, in Indonesia and the Philippines, where local health authorities have become less active in case reporting compared with other countries. 61 Where vertical diseasespecifi c surveillance programmes have been developed, such as in Cambodia, there is a risk that parallel surveillance and laboratory testing systems, especially those funded through investments related to pandemic infl uenza preparedness or other global health initiatives, draw on limited existing capacity and contribute to a duplication of eff orts and ineffi cient use of resources. 62 In addition to the regional initiatives that we have described, several collaborative surveillance programmes and support structures exist, with input from the Western Pacifi c Regional Offi ce and the South East Asia Regional Offi ce of WHO (which themselves split southeast Asia along political lines that are diff erent from those of ASEAN). These programmes include the Mekong Basin Disease Surveillance network (an innovative cross-border initiative; panel 2), the Southeast Asian Medical Information Centre, ASEAN, and the Asia-Pacifi c Economic Cooperation forum.
In an eff ort to address some of the weaknesses in surveillance in southeast Asia, several collaborative programmes for infectious disease research have been undertaken in association with Western countries. Some of these collaborations are very well integrated into the existing health system structure-for example, the Institut Pasteur, whose facilities have become national institutes in several major provinces of Vietnam. The Institut Pasteur network also includes a facility in Phnom Penh in close collaboration with the Ministry of Health in Cambodia, and another is under construction in Laos in formal association with the Laotian Ministry of Health. In Thailand, the Ministry of Public Health is also actively collaborating with the US Centers for Disease Control and Prevention to work on emerging infectious and tropical diseases, and the Thai and US armies have a collaborative infectious disease research laboratory, the Armed Forces Research Institute of Medical Sciences, which developed from a cholera research laboratory in 1958. 66 The Wellcome Trust centres in Thailand, Vietnam, and Laos have had a longstanding presence, and the London School of Hygiene and Tropical Medicine has a research collaborating centre in the region, in Thailand. Indonesia's recent experience of collaborating with external infectious disease laboratories has been more problematic. Before closing down in 2008, the US Naval Medical Research Unit 2 in Indonesia was charged with political accusations of off ering questionable benefi t to Indonesians during its 30 years of operation and of alleged improper use and export of viral specimens 67 -themes that were to resonate globally with the ongoing debate about the sharing of biological materials and benefi ts that might accrue from the development of vaccines (panel 3).
Capacity for health-service response
As in many developing areas of the world, veterinary services in several southeast Asian countries are weak, and biosecurity in animal farms is poor. Although A network of cross-border surveillance collaborations underpins the project, each consisting of two community-based surveillance sites, one on each side of the border, which report cases from a defi ned list of infectious diseases (webappendix p 6). • Regular meetings between participants and leaders at cross-border sites to discuss progress and share experiences.
• Annual documentation of outbreak investigations or exercises at each site.
• Ensuring suffi cient clinical capacity, health-care workers, and personal protective equipment as well as adequate capacity for patient isolation and quarantine. Thailand remains a regional example of success in the control of H5N1 virus outbreaks in birds, and has invested heavily in biosecurity, the animal health systems of low-income countries in the region are weak. 72, 73 In terms of health-care resources for treatment of emerging infectious diseases in human patients, lowincome countries face major constraints. For example, three countries in the region (Laos, Cambodia, and Indonesia) spend less per head than has been estimated to be necessary for health system functions to meet the Millennium Development Goals. 57 There are substantial shortages of human resources in some countries in the region. 74 The density of health-care professionals in fi ve of the ten countries (Cambodia, Indonesia, Laos, Myanmar, and Vietnam) is lower than the level defi ned by WHO as adequate. The availability of health-care facilities as proxied by number of hospital beds per head is also very low in Laos, Cambodia, and Indonesia. 75 With existing weakness in health system capacity, many countries in southeast Asia are at risk of being unable to adequately respond to emerging threats from new and re-emerging diseases or to surges in demand that might accompany these diseases. A study that included fi ve southeast Asian countries showed that wide disparities exist in resource capacity not only in aggregate between countries, but also within countries. The northeast of Thailand has, for example, gaps in some health service resources that are more similar to the distribution in Laos and Cambodia than that of central Thailand. Ongoing research within our group suggests that these disparities probably result in inequitable rates of preventable mortality from emerging infectious diseases. 60, 76 Regional coordination and support
As we have noted, there have been important initiatives aimed at strengthening the control of emerging infectious diseases regionally. To diff ering degrees, ASEAN, the Ayeyawady-Chao Phraya-Mekong Economic Cooperation Strategy, and the Asia-Pacifi c Economic Cooperation forum have all endorsed transnational cooperation in joint action with the WHO South East Asia and Western Pacifi c Regional Offi ces. Beyond surveillance, for example, the ASEAN Secretariat has managed a Singapore-based regional stockpile of 500 000 courses of antiviral drugs for the benefi t of ASEAN member states (a regional collaborative stockpile that European institutions were unable to achieve). This initiative complements another supply of an additional 500 000 treatment courses that have already been distributed to ASEAN member states on the basis of population size. Another example of regional solidarity is the support given on the international stage of the UN by states such as Thailand that are sympathetic to Indonesia's stance on virus sharing.
The implementation of programmes for emerging infectious diseases in southeast Asia owes much to the fi nancial and technical assistance of donor countries, private philanthropists, or development agencies such as the Asian Development Bank, the World Bank, the Global Fund, and the Rockefeller Foundation. The ASEAN stockpiles of antiviral drugs, for instance, were funded by the Japanese Government with a US$30 million grant within the wider scheme of the ASEAN-Japan Integration Fund. Additionally, the ASEAN Secretariat has long received support from the Australian Government through AusAid, the US Government, and the European Union, and the Mekong Basin Disease Surveillance network has been funded by the Rockefeller Foundation, among others. At the national level, many countries have benefi ted from substantial fi nancial support associated with H5N1 infl uenza, as well as HIV/AIDS, tuberculosis, and malaria.
The large fl ow of foreign funding has undoubtedly contributed to strengthening of public health capacity in southeast Asia. But concerns have been raised. Some observers argue that foreign investment refl ects the interests of donor countries or mainstream trends in public health-interests that are not necessarily aligned with public health priorities of recipient countries. 77, 78 For example, many programmes focus on high-profi le diseases such as H5N1 infl uenza, HIV/AIDS, In February, 2007, amid growing international concern over the threat of pandemic infl uenza, Indonesia's health minister announced that her country would no longer share avian infl uenza A H5N1 virus samples with WHO. This controversial decision was triggered by a dispute over property rights between the Indonesian Government and an Australian company that had used viral strains from Indonesia to produce and market an H5N1 infl uenza vaccine. Indonesia argued that the incident exposed wider issues of exploitation and global inequalities-pharmaceutical companies obtain, free of charge, viral samples that are shared by developing countries with WHO, then patent the resulting products and sell them at prohibitively expensive prices, thus providing benefi ts disproportionately to high-income countries. 68 The controversy forced WHO and its member states to reconsider the current approach to global infl uenza surveillance and the sharing of biological materials, and to create new mechanisms for benefi t sharing. To this aim, in May, 2007, the World Health Assembly adopted a resolution that promoted the "transparent, fair and equitable sharing of the benefi ts arising from the generation of information, diagnostics, medicines, vaccines and other technologies", 68 while reasserting the need for timely sharing of both information and biological samples with the Global Infl uenza Surveillance Network. Additionally, it established an intergovernmental meeting to consider further actions aimed at ensuring fair and equitable distribution of pandemic infl uenza vaccines. 69 In 2008, after many debates and negotiations, the Indonesian Government agreed to share H5N1 infl uenza sequences (but not the viral samples) through the new Global Initiative on Sharing Avian Infl uenza Data. 70 The dispute and its underlying issues, however, have not been settled. In 2009, Indonesia did not share any samples with the Global Infl uenza Surveillance Network, including those from pandemic infl uenza A H1N1. Moreover, the initial eff orts to create a more equitable framework for the purchase and distribution of vaccines have not produced any substantial results thus far. Disagreement has arisen because high-income countries are reluctant to accept the suggestion of legally binding obligations to share the benefi ts of vaccines that accrue from sharing of biological samples, whereas many low-income and middle-income countries, notably Indonesia, Thailand, and Brazil, want to see binding obligations.
tuberculosis, and malaria, but other diseases that carry a heavy burden of morbidity and mortality in the region are neglected, including traditional childhood diseases, emerging vector-borne diseases, and respiratory infections. A further concern is that disease-focused programmes that receive substantial funding are often poorly integrated within the wider health systems of recipient countries. Many initiatives in southeast Asia signify potentially important reforms-for example, the Linked Response in Cambodia, which aims to improve integration of vertical programmes for HIV, tuberculosis, and maternal and child health, and the incorporation of programmes initiated in response to H5N1 infl uenza into the broader control programme for emerging infectious diseases in Laos. 55 Overarching many of the challenges to governance that we have outlined is a diversity of domestic political institutions, and tensions between and within countries that have the potential to hamper regional eff orts to prevent and control emerging infectious diseases. Southeast Asia has witnessed major political upheavals during the past decade, with military coups (in Thailand), democratic reform (Indonesia), and a shift, albeit at diff ering paces, from Marxism to free market economies (Vietnam, Cambodia, Laos). Tensions also exist between and within countries-for example, a lingering border dispute centred on Preah Vihear temple between Thailand and Cambodia, an ongoing ethnic separatist insurgency in the south of Thailand, recent violence associated with elections in the Philippines, and terrorist attacks on tourist areas in Indonesia. The ongoing military dictatorship in Myanmar is a continuing regional concern. Emerging infectious diseases too have the potential to fan the fl ames of ethnic tensions. Recently, pigs-raised predominantly by non-Muslims in Egypt and Malaysia, both countries with predominantly Muslim populations-were a focus of concern regarding the H1N1 and Nipah viruses, respectively. These political, ethnic, and religious tensions all have the potential to create instability that aff ects the emergence and response to emerging infectious diseases.
Conclusion
Southeast Asia, a region that is home to some 600 million people, is also the home to many driving forces of emerging infectious diseases. The region is an acknowledged hotspot for risk, with new, emergent, and resurgent infectious diseases exploiting ecological niches that result in large part from man's infl uence on his environment. The pace of environmental transitions that are being witnessed in parts of southeast Asia makes the emerging infectious disease a reality. Moreover, many of the factors that infl uence emerging infectious diseases, from climate change to increased global demand for cheap protein from industrialised poultry production are the result of powerful forces, many of which are diffi cult to change. Southeast Asia is likely to remain a hotspot for emerging infectious diseases, including those diseases with pandemic potential.
The challenges that face the region therefore include reforming or modifying of upstream driving forces of emerging infectious diseases, prediction with improved accuracy of where and what diseases are likely to emerge, improvement of the governance, fi nancing, and operational capacity of surveillance systems such that animal and human systems are coherently and strategically aligned, and use of timely generation of data and information to identify feasible and appropriate responses (panel 4). Animal and public health systems need to be made fi t for purpose, not only to provide for domestic needs, but also to prevent, contain, or mitigate the emergence and spread of infectious diseases. And the most crucial weapon in our public health armamentarium is surveillance-a system that needs to be improved.
During the past decade, a multitude of national and regional initiatives have developed across animal and human health sectors in response to the threat of emerging infectious diseases. Very substantial sums have been invested in emerging infectious diseases in the region, in large part in response to HIV/AIDS, tuberculosis, malaria, and, more recently, SARS and H5N1 infl uenza. Yet the coordination, governance, and sustainability of regional control eff orts in the face of global economic pressures remain a signifi cant challenge.
Panel 4: Recommendations
• There is an increasing trend towards regional coordination, cooperation, and information sharing in southeast Asia. This trend should be complemented by a commitment to address imbalances in health system capacity. The European Union model for structural funds could provide a way forward.
• Emphasis on avian infl uenza A H5N1 with concomitant funding has meant the relative neglect of lower profi le diseases such as Japanese encephalitis and rabies. Although generic capacity building across emerging infectious diseases is to be welcomed (for example, through the International Ministerial Conference on Animal and Pandemic Infl uenza 79 ) this process needs to be built on with sustained and strategically focused funding.
• Investment in the region needs to be sustained to ensure robust, resilient, and fl exible institutional capacity.
• Research needs to be done to improve understanding of the factors that are associated with risk of emerging infectious diseases.
• Surveillance capacity needs to be strengthened, especially in low-income countries, and needs to be timely, coordinated regionally, and inform national and regional control priorities.
• Predictive analyses need to be strengthened, including through the development of more robust datasets on factors associated with emerging infectious diseases such as changes in land use.
• International and domestic governance of surveillance of animal and human infectious diseases need to be strategically aligned across geographic, institutional, disease, and host boundaries, and avoid duplication of eff ort • Analyses of operational prevention, containment, and mitigation capacity are needed to inform investment linked to global, regional, and domestic public health and economic priorities
